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Replacement Sheet 



(start J 



1 Ilcad Ryntcm dntattnd assign An initial apprcx. solution, or USP (lat-stArt 



Form Nodal Admittance Matrix, Initialize iteration count r=l 



iTiitinlizx node count p=l , and maximum real and imaginat)' corrccticmfl DEMX=0-0 and DFMX=0.0 < 




yes 



yes 



Coxyipute Qp^'^by relation (6) after adjusting complex 
voitstgc for specified value by relation (10) 



1 


no ^ 

r 






SetSHp = PSHn+jQp' 



Compute V/*" from relation (5), and adjust complex 
voha^c for specified value by TctaticTn (1 0) 



Compute V p*^" from rclarion (5) 



Compute changes in the real and imaginaiy parts of the nodo-p 
vodagc by using rcliittons <7) nnd (8), and replace current value of 
DVRMX and DVfMX ycspecfcivcty in cAsc any of them is lAr^cr 



11 



CatcuUtc aecclmted value of V p^'^ by telation 
(9) and update voltage for immediate use in the 
next node- voltage calculation by Vp' V p^'^ 



no 



psp4-1 




I 



CakulBtc tine flaws, and 

output indications of 
transformer tap position 

and reactive power 
generation ni PV-nocTes 



14 



STOP ^ 

Fig. la: Prior Art: flow-chart of Gauss-Seidel Loadflow (GSL) Method 
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C START J 
^ 

^ Read itvs^^m data niid gssiRH M initial approx. sofatign j 

4r 



Form Nodal Admitmncc Matrix, calculate CostPp A Sintp^ using (3 9) and (70) A Initialite n>RP=rniQ=r=0 




YES 



CoR*pS=Cos <-48) & Sin«I>psSin (-48) 



FOW admittance matrices fYO] Sc [ YV], nnd factorizc them & Store as Stotcd in calcul^Otl dtep-d 

* 



Comoutc AP/ & ^^O/. where i=l .... ^tm-k) and i=l....iTi 




YES 



Compute TRFl using cqn (17) for PQ-nodes and using cqnu. (21) and (22) for PV-nOdCs 



Solve cqn. (1 3) for [^9] and update voltiKc arteries usinp. [01 - [01 + (Afll 



Set voltage magni 111 dcs of PV-nodcs equal to the specified values, 
and Tticrement ITRP=TTRP+t and r=rTTRP+nT?Q)/2 



Compote AQ)\ where i=I„.,(m+ic) and j=l,..,m 



n 



Calculfltc line flows, and 
output indications of 
transformer lap position and 
rtflctivc power generation 3t 
PV -nodes 




YES 



G 



STOP 



I 



Comoute FROI upinR cqn. (18) for onlv PO-nodcs 



Solve cqn. (15) for [AV] and update PQ-nodc magnitlidcs using [V] = [V] + [AV) 
While iolvlne (15). skin all the rows and columns corf csnondinc to PV-nodC5 



Adiuftt loadnow solution, if ccnerator reactive power ftcneration and transformer too position limits arc violated 



SSL fncrcmcnt rTRPnlTRP+l and rs<ITRP4-rrRQ)/2 



Fig. lb: Prior Art: Flow-chart: Super Super Decoupled Loadflow (SSDL) Method 
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Fig. 2a: One-lme diagram of IEEE14>node network 



1 




Pig. 2c: Non-redundant Levd-l sub-networks of fig. 2b are r^rouped to reduce 
the number of processors required without increasing the number of 
nodes in any regrouped sub-network lander than the original largest 
sub-network of 6-nodes 
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START 3 



Read system data and assign stn intttal approx. sohitlon. or use flnt-stnrt 



Form NodaT Adfnitt«incc fWfitrix, Initinlizc iteration count r=| 



3 Fnilirtli^e tuxle count p=T , and moj^imom rc;ir and imaginary coircctinms DEMX=n.O nnd DFMXssQ.O # 




yes 



Compute Qp**^*' by relation ((>) after adjusting complex 
voltage for spccifted value by r&htion (10) 





no 

f 






SctSHpfsPSHp+jQp' 



Compute Vp^^'^from cqns. <27). (28). nnd (29) and adjust 
complex voltage for spcciftod v&hic by relation (10) 



Compute V from cqns. (27), (28), and (29) 



88 



Compute changes m the real and imaginary parts of the node-p 
voltage hy u^ing rct&tions (7) and (fi), and rcptacc current value of 
DVRMX imd DVIMX respectively in case aTiy of them is larger 



99 



11 



Calculate accelerated value of Vp^" by relation 
(0) and update voltage far immediate use in the 
next node* voltage calculation by V = V p^**^ 



p=p+l 




STOP J 



Oilculale line flowa. and 
output indications of 
transformer tap position 

and reaetivc power 
generation at PV-tjodcs 



14 



Fig* 3a; invention: flow-chart of Ganss^Seidel-Patel Loadflow (GSPL) Method 
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9F.RVKR-FROCltSSOR 
Q START ^ 



A-PARAJ^LlSI^-FROCESSOl? 



21 



Read system data, assign an initial approx. 
solution* or use fla^sta^t to initialize vector 
V(T). and initialise itcmtioii count i^l 



Form Nodal Admittance Matrix for n sut>' 
network, nnd store it in the local mcinory 
Of an aAsigftCd proccwor 



22 



23 



TnittflKzc maximum real and imaginary 
corr«ctions DEMX?O.0aiidDFMX=0.0,and 
VV<I)=CMPLEX (OA 0.0) 



26 



27 




read relevant elements of V(1) irom 
commanly scared memory by all processors 



24 



Perform two GSPL itcmrions for each snb- 
nctwoik, Steps-4 to 88 or 99 in Fig. 3a to 
calculate new estimate of voltage for each 
sub-network nodes 



25 



W(I) a W(l) / (number of contributions to each clement) 



Calcubtc [W(1)-V<I>}« ft«d Compiilc changes in the real 

at)d itnogtttary parts of the node-p voltigc by using 
relations (7) and (8)» smd replace current value of DEMX 
and DFMX respectively in caiie Arty of them is larger. 



28 



Calculate accelerated value of vy(I) by relation 
(9) and Ptrform opcrtliOtt VO)=;W(T) 




29 



30 



Qileulatc lino Hows, and 

output indieationft oF 
transfonncf tap position 

and reactive power 
gcnemtion at PV-QOdes 



Fig. 3b: invention: flow-chart of Parallel-Gauss^eidel-PatdlLoadflow 
(PGSPL) Method 
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MainyScrver 
Pjx)ce$sor, 
which is a 
delegating 
and 

coordinating 
processor 



< ► 



Processor- 1 



< — 



Processor- 1 

Memory 



< ► 



Processor-2 



4 — > 



Proccssor-2 
Mernory 



4- ► 



Processor-n 



< — ► 



Processor-n 
Memory 



Processor- Main 
Memory 



CoHnmon 

memory 

shared by all. 

processors 

including 

Main/Server 

processor 



Fig. 4: Invented Parallel computer Architecture/organization 
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10 



(start) 



Obtain on-line data 



20 



Initial Given/Establ1$hed Specification of Controlled Parameters (Real 
and Reactive Power at PQ-nodes, Real Power and Voltage Magnitudes 
at PV-nodGSj and Transformer turns ratio etc.) 



30 



40 



NO 



60 



Correct/change One or 
More Controfled 
Parameters 



Loadflow 
Calculation 



Estimation 
of 

Power System State 




5ff 



Evaluation, Good? 
(No over load & No 
under/over Voltage?) 



YES 





70 


Effect Actual Control 
To set finally obtained 
Controlled Parameters 



( END } 



Fig* 5: Loadflow Calculation in Power Flow Control and/or 
Voltage Control in Electrical Po\cer System 



mo 
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10 



1.2 



14 



60 



Impedance 




Breaker 


— ► 


Admittance 


Network 


► 






Matrix 



20 



Assign Transformation 
Ratin 



30 



32 



Feeder VARS 



Assign 
Machine 
VARS 



40 



42 



Feeder MW 



44 



Generatxji Loads 



Adjust Node 

MW 
Distribution 



so 



Assign Initial Approx, or Ouess 
Loadflow solution, and Read data of 
Operating Limits of various Network 
Components, including Generator 
Excitation and Transformer Tap- 
changing Limits 



Machine 
]&ccitation Control 

Transformer 
Tap Control 



Fonn & Store 
Constant Gain 
Matrices, 
[Ye], [YV] 



62 



Perform Loadflow 

Calculation by 
Defining/Forming 
& Solving any of 
the Load How 
Models of the 
Power Network 



64 



Load Flow Solution including 
Generators Reactive Power and 
Transformers Turns Ratio 
Indications 



Fig* 6: Load-Flow Calculation for Voltage Control in Electrical 

Power System 
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4^ 



T2- 



1 5 



Fig. 7: An Exemplary 6-iiode Power System 

Nodes: 1, 2, 3 are PQ-nodes 

Nodes: 4 and 5 are PV-nodes 

Nodes: 6 Is the slack/swing/reference node 

Transformers Tl ajid T2 are tap-changing 
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